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(57)Abstract 

PURPOSE: To obtain optical communication equipment not 
affected by an absorption spectrum in air and using an optical 
signal with an output level safe to human eyes. 
CONSTITUTION: The optical spacial communications is 
xecuted by detecting an optical signal emitted from a 
semiconductor laser 15 provided in a transmitter 1 1 with a 
photodetecter 24 in a receiver 1 2. An output level of the optical 
signal emitted from the transmitter 1 1 is suppressed to be safe 
to human eyes and the wavelength is selected so as not to be 
affected by absorption spectrum in air. ^ 
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5 0 nm<Dm^ii^{l) , iSfftL (nm) 0 5 0 n 
m~ 1 4 0 0 nmi^Ji-tl±3^(2) J: ^ lC;^-2>o 

H=6. 4 7 • C4 [fj/iL. C4 =1 0 

,l- 700/nOO. J (^/j^2 ) ...(J) 

H-3 2. 3 (W/m' ) -(2) 



[0 0 3 4] mx.if. -aSL (nm) tJM OOOnmiS 
2<7)#il#:lx— ff-l 5^j^ffli-'I.C:i:^#x.-St> M 
PEti^d) 7)^1^2 5. 7 (W/m' ) ;i^t#e>n-?)o ^ 
ii^lx— 9-*- 1 5;4^'b<7)li*-i^li4''bge>6^'5ijg<7)?iv^** 

^^"ffitClOOmmtr, lx'>XcoF'ft76M . SgJ^fcl"^ 
¥firt*-AL2(7)4^>bg|5(7)ft:^,B?.JS^2 5. 7 (W/ 
) ti.Tl;m'S7L'J6tCti, 9--I 5<^tB 

tl^^°7-l±3 7 (mW) J£iTtC-t--l)'i:<^5i^*^-l)o i^,, 
30 =?';^-M^>X2 l(7)g>0«CtLj:f) ^)/h$v^^|-g-|±M 

[0 0 3 5] tC5-C. ±j£L;^-:^(l) . (2) iCiSV^T 
40 -Cab -So 

[0 0 3 6] icoc!;9=5raa>5^?> mmzBzif)wm 
m§ridK^ix6^± Lx. mi:i^hmmmm 

»-r^t> '>:05t(3) , ^(4) oi^c^^o 
H = 1 1. 5 • C4 [7t:;^iL, = 1 0 

(1.- 70 0/500 ) J (^/^2 ) ...(3) 

H = 5 7. 5 (W/m' ) -(4) 
50 [0 0 3 7] mx.\S. r^ftL (nm) 0 0 0 n mdfi 
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PEIi^d) 7j>t,4 5. 7 iW/m' ) ^mhiX^o 
'j;^- M^>X2 l<7)ti75n 0 OmmT% l/^XcOFH 

mi 4 5. 7 ON/m' ) l-li^TKmi^fzHbim. 

if-1 5<7)tB:tl^f'7-li6 5. 8 (mW) i^AT^Z 

[0 0 3 8] ifz. mzyf^^^(nm^^izntm^i 

— »f- 1 5 t 3 >J ;^ - hl^ >X 2 1 <Dm\Z^ 'jZ^g^ii-g- 

10 0 3 9] mufcv^-C. 8l±*^^l— 
?atl=SliLTv^^^'.^o -fSfflJ^ftiatTi^'- 10^+60 

x:mmx^ixi£. i o n mmm(D^m^S:(omt\mz 

[0 0 4 0] ^mi^l-—^'- 1 5COmtJj5^~^^cOfji6 

n^(Dit<^im^'S:3EmiztmLx. S:mm.imm' 
[0 0 4 1] ±'^(Dm.''iiizj:i,it<r>-imtov^mmiis 

"bedB (^Jg 1/2 -1/4) gJ$*«S<O^Sffii: 

[0 0 4 2] *l^t:. -SSOTfefr^i^tiS/hfr^u-^;!^ 
75^-3 0 dBm~-4 0 d BmflltTiMt^tT-TiJ . 
^iv\znLX%(DM\) . (2) J;f?^^^#iiLTai 
;'3^-?7-^3 7mW (|<]1 6 dBm) II]t(cPp£/c^-g- 

i>^imiim'2 0 d B ~ 2 3 d BflJS. 1. ^^fj^SLU 
i -SJi^TiWI^* 1^' I) (7)i#^0 1 3 d B II 3 d B (7)^ 
r^iWfz^xm-kl 6 d BflJt. v>f-l/-v 3 >^i6 
(:j:-l>l/^;Hg:T;5^'3 dB~6 dB t^-So ii^75^lb^ 
^ffi.^.T'OTfe^W-^stiLt-S t23dBm-29dB 

<7)M=S1:I±, 7dB~-l OdBSJtti^^OTS^'^^T-^ 



(7) !|fr?fW6 -2 5 2 8 5 8 
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LX^k.i>Zt\z^i>o 

[0 0 4 3] %(OM-i) . (4) J:l9^^^#^tTai 
^d^N-V-^e 5mW (^ijl 8dBm) m.\zm^^fzik 
-a-tC. ^4'(7)|M^^#x.-l>tft:*:l 6 dBSJt, l/^^I- 
16:T:i^3 dB~6 dBt^J-So m^i^fj. §ft,i^.T-<7)^ 

/■f7-=^lt#1-'?>t-2 1 dBm 2 7 dBmSSt 

tl^OfF^aig dB-1 3 d BllJtt v^^ co>5s 

[0 0 4 4] %\Z^^fzX.n^Z^ m.mzX:bWM<0-k^ 
10 $liill A<DX^C7 }-)V(D±h^Xm!^-ti>Zti)^X 
1 i^Ti^'^^l 5 dB/5 Omtlffiit-So It^T-^ 
^M^*^ 6 d B i: LT. itmmLxm.ti^& d BS 

js(cii-r^gg8if±> mi 4(7)1 @si:*=fLT2 om, m 

14(7)0. 5g®(:*tLT4 Om, HI 4(7)0. 2 
{CJ^LTI 0 Om. HI 4(^0. lg^«^L-t2 0 0 
mt^r-S.o ---e. 0. 1 g^SJt<7);»C^$(7)DllR>!.^ 

h ;^ h ^ i: . Ill 1 4 ±T"(±m'fc -?> t ^ 

i9. y^XtESlJLil<'5r-&^^ 11 1 3 ^^^?-^TBlt 
-^-Stmi 3±T-t±0. 5 g^fil.±(7)0^5|iiX^^' 
20 t^oTV^^(7)-e^SljT§-Z)o S<^ll, iai4±<7)0. 

2g^f:tg^1-'5.:^^^ h;niiai 3±-e(±i-i. 5 
g®i:, 01 4±<7)0. Sg^liiai 3±-C3g^mJ 
'ik. HI 4±(7)1 gffliHl 3±(^4~5g^tCffi^L 

coi±, iSi|X(7):tv^fea<7)i/^;i/^Sf$t LT, -ecoi/^ 
;!/ /J^ t (7) ^ *, (7) § $ T- ab ^ o 
[0 0 4 5] dCOi^tlLTim 3 ^)##HLT. 01 

fEilSg^^n 0 0 m;:i±-eti 9 6 7 nmJ':Jl±l 1 1 
30 Onm*ii> 1 1 6 5 n mJ':i± 1 3 1 5 nm*P. 2 0 
0 my.±T'li 9 8 6 n mi:j.±. 1 0 9 0 n m*)||, 1 2 2 
5 nml^±l 2 9 5 nm^ith^^o 

[0 0 4 6] ■^^mm.h^^n-it^^mmmm.^m^m 

mmi9~Yy V L-Cv^^(7)T\ f5sl£gill 0 0mm± 
\,Z-^\^^X<D^-^ibfzi)\ 1 0 0 m^mx\i^mm^x. 

w.<Dmzmm^j:^^-h^hi>h\'^x\tfj:<. ^nx o ^ijigi 

)|X=^tlE^oT, ^tl{Z^tilfzmL<^^J:^'1&W:MiV- 
40 tii:J6tcDlf)®dl3i^75^'§^t#x'bn'&(7)T% 

T-(±9 5 0 nm^^-'L^.!: Lfzm.U^ X ^ ±<^^RiM^ 
t LTV^-So tfz. iSfil 4 0 0 nmJ':il±-e;±^ TicJi^":^ 

m^xm^fixmmizmL^j:y'^fztbmiz^^fj:m9:m 

t^^(7)T\ *%^(7)*=f^^1.i:ir^o ^fc, :$:Bg^#T- 
ll^m^.Tli^SijT'^ ^:v^(7)-C\ tt^^StS^T-/!^^ 

i^ i> it^rmimm i ^*:(7)i£tt±(7)f£iisg^i 1 1 o 
[0 0 4 7] ::^^(7)KJ|X;^^^' h;K7)^*)|^<cO'{)(7)i± 
^^^^{^^■^^(TJT'fet), ill 4t:;^tWlx^^ 
50 (7);^:§ ^l±^ja^ilJt(C J; O^^-So H 1 4 Wii^li^ 
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^^#itLTl dB-2 dB<7)^r^^f5:ttT$)-?)o 
[0 0 4 8] ^cOJ;^tcLTfSigSgiltciSi:r'f£fflSft 

[0 0 4 9] '§:imi-2 4 tCliiSJilJWT-^. 
^f'^ffl^O*^ I nGaAs7/<7>->x7* V^^:^- 

Y A P D t So ) t Tv^^o Tt^F^iifS^ 

m.<r>mM^^^^im^\^\t\ nCaAsOP IN7^ 

Y^^t-Y^mi-t^^tiimiX^^o APD. P 

I N7* h^^'fjf- VmiKD^^Xii 9 5 0 4 
0 0 n m<7)iSftiiT-li+^^lSJS iMl^W) ^^LX 
v^^o I nGaAs<7)ft;t?(rGecOAPDXI±P IN7 

[0 0 5 0] K>'N°7>7 -1- 2 3 \im^it<D'Si^&. 20 

x\m ^ixhtz>6. S:mim^itm<Dmmi>^ h (dm' 

\^h^^. ^ 2 4 tc AWi- ^ 1 7fe*2S 

y h/^7.y -{ 2 3*S7lfc^T-2 4<7)i)®ic^(tTv^ 

So C«7)>'^'> K/^°X7 I- ^b^f- 2 3 COmM^(r>&S:li. ^ 30 
T 3 > - >X 2 1 Rl]^mytr/t^?f^ 2 2 L 

yt^it^^m htii.x'iiza-T-^ y^^ u^<Dm.n 

[ 0 0 5 1 1 0 2 li^ 2 <D^mm(DmfS.mxi) ^.2^ 
<Dm-§:i9m3 K 3 2-^m\^Lx^^ho m^inm m 

iZli^mi^l^~'>f-3 3. APD3 4Wt'btl, 40 
-rtLfiTlfcb'-AX^'j 7^3 5^^LTii$#f '1>J:t 
i:^oTV>-&o ^i^€^3 2rtH^>l5]^H, it^ii 
^l^— if-3 6. APD3 775Wbn. iSTfel^'-i^;^ 

1^— <f-3 3. 3 6<7)^mit(Dmm\ii:mmLx. ^ 

##:i^-Hf- 3 3 ^-h(Dym^^APD3 7 (cAI=f L. # 
if- 3 6 75^P>(7)7fem75^'APD3 4 {CAW1--S. i 

0 2^(7)Ji§:#^3 1. 3 2l±£i/«ig[M75^9 0° T 
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T'5i*fS]a'(f^^fT7ifc^FBiiiffi^fi-c^>oT. 9 0° -r 
'oi§^m<D^^£i>mss.is^is.^^z'$^m.-ti>fzi6(Dmit 

if-2^y^-f'}y9 3 5. 3 8 *ffix.Tv>4o 
[0 0 5 2] ^<7)^'&tH(). 9-'-3 3. 3 6 

ftlt^L, {iTfet'-AT.yj •7^' 3 5, 3 8i>F^^t 

-3 3, 3 6(D§tmi&S:t-^-rhini<zmn^tifziy 

^itT- § i,^mmi. ^z^^fzim^m^zjz^tfz^S: 
mm[^i<zmixmh^j:^^o 

[0 0 5 3] ll3Jiffi7fcl^*-A;^7°'; •;'5'3 

mm^ g^n. o o m±-e 1.05 \xr<D^^mxi) 

[0 0 5 4] 

[^m<D%W:] i:i.±mm Lfz x ^ iz:^^miz%h^^9\-^ 

Kmm L , i^^^imm a^mzxi, ^ 
^ h )viMinz-mizm^iX'/m(DMmi!)-h^nh:i 
tKxy). mmimmmm^mm^<D\^± t . Amz 
Mi-i>^^mmmmiz^mi-h^ti)^x^ho 

[01] ^i(Dmmm(^mjiSLmxi)hc 
[112] ^2(D^mM(7)mmx'^ho 
[03] y ^<7)^it!im<Di^'y7mx- 

[04] '^mi(Dijmmx$)ho 

[0 5 ] ^ ~mi(r>mi^(D ^'yymx'hio 
[06] :t^4'<7)55-7-tc<t-?)PliRx^i^ V)V(r>ifyym 

[07] j^^:^"';^fcj;S«x^i^ h;KO^*7 70-eib 

-So 

[08] im%\zii>mM7^^^ y )^^(n^'7ymxh 

[09] ±'^(D^im<D^'y7mXhho 

[010] *l^]!ftM7lc;OX^^' Y)\^»1f><Diryymx$> 

i> o 

[011] ±l^]KtMt;OX^i> Y)V^^(D^' yy mxh 

'5) o 

[012] ^ItteWTfeOX/^^ V)V^^(7)^-yymXh 

i) o 

[013] *^iSc#t*(7)M;^^i' h;K7)^'-7 70T*$) 

-So 

[0 1 4 1 *±-eafejfe^ 5 0 mfta5$-<i:/c^'&<7)P^i|X 
[015] tRiRx^^' hJi'i-pJSL/t^cDiBJ^^^.coffifiS: 



(9) 



#r^i¥6 -2 5 2 8 5 8 



15 



16 









1 6 




[016] 






1 7 










1 8 




111 7] ^Mi^i^- 


■If- (7)^ 




1 9 










2 0 










2 1 




1 1 mmm 






2 2 




1 2 






2 3 




1 Q 9 c Wfiitia5= 










1 4 /N'-y^- — V 




10 


2 5 




1 5 iti##:^-^f- 












[H 


11 




[021 



11 17 



13 leu-^ 



19 la 




1231 



[041 



100 

ao 
eo 

40 

30 



2 LI 




^ ^ S5 1X)0 1.05 1.10 1.15 



1000 
100 

;^ 10 
CD 

^ 1 

m 
1 

^aoi 
aooi 



aoooi 



0.1 





























\OApm 


2/i.m \ \ 








\ 













I 




















Be] 



1cm 1mm 100/t 10m 

|aijb'iT J ir i >a t w [ I 




ICf 10' 
GH2 



10 10O 



1000 



si 



(1 0) 



^m^e~ 2 5 2 8 5 8 



[07] 



[08] 



100 
80 
60 
40 
30 
0 




2 3 4 5 6 7 8 9 10 n 12 13 14 15 16 
i^S Urn) 



2 3 4 5 6 7 8 9 10 n 12 13 U 15 16 



10000 



[1119] 



[01 0] 




3 4 5 6 7 8 9 



10 n 12 13 14 15 



[0111 




cm 



1900 



r 

^ tooo 



SDO 



I ' I ' I ■ I ' I 




0 Q2 04 06 08 1.0 U l/l 1£ IB 20 Z2 24 Z6 ZB aO a2 



[01 21 



[01 6] 




04 06 08 1.0 
Jfc^i (Mm) 



820 





















Po=S 























































10 



30 30 40 



50 60 



(1 1) 



#r^¥6 - 2 5 2 8 5 8 



[01 31 



1 \ \ I \ \ r 

800 aeo 900 960 1000 1(H) 1100 



1150 
(nm) 



I \ T" 

1200 1250 130O M 



[ill 41 




"1 r 

900 950 



800 830 



lOOO 1CB0 1100 



1150 
(nir) 




"T" 

1200 



1 r 



1250 1300 1350 1400 



14S0 1500 
(nrrO 



5] 




(1 2) 



^mW- 6-252858 



[HI 71 



•A 



-J 
'SSi 



